In this paper, we study a more general version of Grüss type inequalities on time scales by using the recent theory of combined dynamic derivatives on time scales. In the case α = 1, we obtain delta-integral Grüss type inequalities on time scales. For α = 0, we obtain nabla-integral Grüss type inequalities. We supply numerous examples throughout.
Introduction
In 1988, Hilger (1988) introduced the time scales theory to unify continuous and discrete analysis. Since then, many authors have studied certain integral inequalities on time scales in Agarwal et al. (2002) , Bohner and Duman (2010) , Matthews (2007, 2008) , Hilscher (2002) , Liu and Ngô (2009) , Ngô and Liu (2009) and Wong et al. (2006) .
Sidi Ammi and Torres (2010b) have established the diamond-α Grüss inequality on time scales as follows. 
Dragomir (2000) gave some classical and new integral inequalities of Grüss type, for example, the following two results. 
and the inequality is sharp.
In 2006, Sheng et al. (2006) studied a combined dynamic 'diamond-alpha' derivative as a linear combination of ∆ and ∇ dynamic derivatives on time scales. The diamond-α derivative reduces to the standard ∆ derivative for α = 1 and to the standard ∇ derivative for α = 0. Since then, many authors have established diamond-α inequalities on time scales Torres, 2008, 2010b; Bohner and Duman, 2010; Ferreira et al., 2009; Özkan and Kaymakçalan, 2009 ). We refer the reader to Malinowska and Torres (2009) , Mozyrska and Torres (2009), Rogers and Sheng (2007) , Sheng et al. (2006) and Sheng (2008) for an account of the calculus with diamond-α dynamic derivatives. This work is organised as follows: In Section 2, we briefly present some general definitions and theorems connected to the time scales calculus. Next, in Sections 3-5, we generalise Theorems 1.1-1.3, respectively, for general time scales by using the recent theory of combined dynamic derivatives on time scales. In the case α = 1, we obtain delta-integral Grüss type inequalities on time scales, while for α = 0, we obtain nabla-integral Grüss type inequalities. In order to illustrate the theoretical results, we supply numerous examples throughout.
General definitions
For the general theory of calculus on time scales we refer to Agarwal et al. (2001) , Peterson (2001, 2003) and Hilger (1988) . We now introduce the diamond-α integral, referring the reader to Sidi Ammi and Torres (2010a, 2010b), Ferreira et al. (2009) , Özkan and Kaymakçalan (2009) for more on the associated calculus.
Definition 2.1:
Example 2.3: If we let T = R in Definition 2.1, then we obtain
Example 2.4: If we let T = Z in Definition 2.1 and m < n, then we obtain
and where we put for convenience
Example 2.5: If we let T = q N0 in Definition 2.1 and m < n, then we obtain
Example 2.6:
and from here we may obtain Example 2.4 by letting t i = i for all i ∈ N 0 and Example 2.5 by letting t i = q i for all i ∈ N 0 .
The weighted diamond-alpha Grüss inequality
We first extend Theorem 1.1 to the weighted case.
Theorem 3.1: Let T be a time scale and a, b
Applying the two-dimensional diamond-α Cauchy-Schwarz inequality from (Sidi Ammi and Torres, 2010a, Theorem 3.5), we get
We also have
Similarly, we have
(3.5)
Using (3.4) and (3.5) in (3.3), (3.2) implies
Applying the elementary inequality
we can state
Combining (3.6) with (3.7) and (3.8), we obtain (3.1).
Example 3.2:
If we let p(x) ≡ 1 on T in Theorem 3.1, then we obtain Theorem 1.1.
Example 3.3:
If we let T = R in Theorem 3.1, then we obtain the inequality
This result can be found in Dragomir (2000, Theorem 1.1), where the constant 1 4 is also shown to be the best possible.
Example 3.4:
If we let T = R in Example 3.2, then we obtain the inequality
Example 3.5: If we let T = Z and α = 1 in Theorem 3.1, then we obtain the inequality
Example 3.6: If we let T = Z in Example 3.2, then we obtain the inequality
If, additionally, α = 1, then we obtain the inequality
Example 3.7:
If we let T = q N0 and α = 1 in Theorem 3.1, then we obtain the inequality
Example 3.8: If we let T = q N0 in Example 3.2, then we obtain the inequality
The case when both mappings are Lipschitzian
We now extend Theorem 1.2 to time scales.
Theorem 4.1: Let T be a time scale and a, b ∈ T with a < b. Let f, g ∈ C(T, R) be two Lipschitzian mappings with Lipschitz constants
Proof: Using condition (4.1), we get
which completes the proof of inequality (4.2). Moreover, if we choose
x for x ∈ T, then f and g are Lipschitzian with Lipschitz constants L 1 > 0 and L 2 > 0, respectively, and equality holds in (4.2) for any p ∈ C(T, [0, ∞)).
Example 4.2:
If we let p(x) ≡ 1 on T in Theorem 4.1, then we obtain the inequality
Example 4.3:
If we let T = R in Theorem 4.1, then we obtain Theorem 1.2.
Example 4.4:
If we let T = R in Example 4.2, then we obtain the inequality
which can be found in Dragomir (2000, Corollary 2.2).
Example 4.5: If we let T = Z and α = 1 in Theorem 4.1, then we obtain the inequality
Example 4.6: If we let T = Z in Example 4.2, then we obtain the inequality
Note also that we have in the discrete case the same bound on the right-hand side than in the continuous case if and only if α =
. Example 4.7: If we let T = q N0 and α = 1 in Theorem 4.1, then we obtain the inequality
Example 4.8: If we let T = q N0 in Example 4.2, then we obtain the inequality
(q 2 + q + 1)(q + 1) 2 .
The case when f is M -g-Lipschitzian
Theorem 5.1: Let T be a time scale and a, b ∈ T with a < b.
Proof: Using condition (5.1), we get
which completes the proof of inequality (5.2). Moreover, if we choose f (x) = Mx with M > 0 and g(x) = x, then f is M -g-Lipschitzian and equality holds in (5.2) for any p ∈ C(T, [0, ∞)).
Example 5.2:
If we let p(x) ≡ 1 on T in Theorem 5.1, then we obtain the inequality
Example 5.3: If we let T = R in Theorem 5.1, then we obtain Theorem 1.3.
Example 5.4:
If we let T = R in Example 5.2, then we obtain the inequality
which can be found in Dragomir (2000, Remark 4 .2).
Example 5.5: If we let T = Z and α = 1 in Theorem 5.1, then we obtain the inequality
Example 5.6: If we let T = Z in Example 5.2, then we obtain the inequality
If, additionally, α = 1, then we obtain the inequality 
Example 5.8: If we let T = q N0 in Example 5.2, then we obtain the inequality
